Introduction
Breast cancer is the second leading cause of cancer death in women in the USA. 1 Fiveyear survival rate for breast cancer across all stages is 89%, whereas for patients with metastatic disease, the rate is only 26%. 2, 3 Breast cancer is a heterogeneous disease that includes different subtypes, some more aggressive than others. 4 For example, patients with hormone receptor-positive (HR+) metastatic breast cancer generally have a better outcome than those with triple-negative disease. In addition, expanding
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Mahtani et al treatment options have considerably improved outcomes for patients with human epidermal growth factor receptor 2 positive (HER2+) metastatic breast cancer. 5 Chemotherapy is recommended for patients with metastatic breast cancer and is currently the only treatment option for patients with triple-negative breast cancer. 6 Chemotherapy may also be used for patients with HR+ disease who have developed resistance to hormonal therapy, or when patients are sufficiently symptomatic to warrant the use of chemotherapy. 6 Taxanes, such as paclitaxel and nab-paclitaxel, are a commonly used class of chemotherapy for metastatic breast cancer, including in the setting of recurrent disease after adjuvant treatment. 6 Paclitaxel is solvent-based and formulated in a mixture of polyoxyethylated castor oil (Kolliphor ® EL, formerly known as Cremophor ® EL; BASF, Ludwigshafen, Germany) and dehydrated alcohol, while nab-paclitaxel is an albumin-bound nanoparticle formulation of paclitaxel and is free of solvents. 7, 8 Both nab-paclitaxel and paclitaxel have demonstrated antitumor activity in patients with metastatic breast cancer, but differences in their efficacy and safety profiles exist, as demonstrated in a head-to-head Phase III trial. 6, 8, 9 nab-Paclitaxel was subsequently approved in the USA for metastatic breast cancer treatment after failure of combination chemotherapy for metastatic disease or relapse within 6 months of adjuvant chemotherapy, which should have included an anthracycline. 7 Although there are limitations with observational research and randomized controlled trials remain the gold standard for drug approval, real-world data are useful for making treatment decisions. 10, 11 To date, real-world comparativeeffectiveness data for early-line use of nab-paclitaxel vs. paclitaxel in metastatic breast cancer are limited. This analysis explored treatment patterns, outcomes, adverse events, premedication, and supportive-care use of nab-paclitaxel vs. paclitaxel in patients with metastatic breast cancer.
Methods
Data source
A retrospective analysis was performed using fully deidentified data from the Navigating Cancer electronic medical record (EMR) platform, an independently owned US database providing services to several community-based oncologists. This database collects and aggregates health record data from different EMR systems, and then stores the data in a cloudbased network. The data is available for a licensing fee. At the time of analysis, which included the index period (December 1, 2010, to October 6, 2014) and follow-up period (through April 6, 2015) , the database use included ~1300 providers in mostly oncology/hematology practices and represented 2,500,000 patients. Due to the data being fully de-identified, institutional review board approval was not required. Figure 1 summarizes key eligibility criteria. Patient data was collected at the start of either first-or second-line nab-paclitaxel or paclitaxel therapy. This was considered the date the patient was indexed into the study. Patients were excluded if they received other chemotherapy agents in combination with 
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Real-world analysis of nab-paclitaxel vs. paclitaxel in MBC nab-paclitaxel or paclitaxel; however, patients who received targeted agents in combination with bevacizumab, HER2-targeted therapy, or hormone therapy could be included in this analysis. First-line patients received either nab-paclitaxel or paclitaxel after a diagnosis of metastatic breast cancer. For second-line patients, acceptable first-line therapies included chemotherapy (excluding taxanes), HER2-targeted therapy, and/or hormone therapy, and second-line treatment with either nab-paclitaxel or paclitaxel was required.
Endpoints
Clinical efficacy endpoints were time to treatment discontinuation (TTD) and time to next treatment (TTNT). TTD was defined as time between first and last dose +7 days for a weekly (qw) cycle or +21 days for an every-3-week (q3w) cycle. Treatment was considered a new treatment line if there was a gap of ≥60 days between 2 administrations of the same drug or if the patient started a new chemotherapy drug. Patients were censored if they remained on treatment during the last 30 days of available data in the database (data cutoff: April 6, 2015) . TTNT was defined as the period from day 1 of index drug to day 1 of next treatment line. Subgroup analyses of clinical efficacy endpoints included patients with HR+/HER2− disease and those with triple-negative disease. Safety and utilization endpoints included EMRdocumented adverse events (using International Classifications of Diseases [ICD]-9 codes and laboratory values) and use of premedication (≤48 h prior to administration of first treatment) and supportive care (number of doses/patient/100 days and percentage of patients utilizing supportive care) during treatment.
Statistical analysis
For baseline demographic characteristics, Student's t-tests and Wilcoxon rank-sum tests were used to compare differences between treatments for continuous variables, while c 2 -tests and Fisher's exact tests were used for categorical variables. Median TTD was calculated using the Kaplan-Meier method. Multivariate analyses of TTD were performed using the Cox proportional hazards model adjusted for age, number of metastases, targeted-agent use, adjuvant chemotherapy (≤1 year prior to date of diagnosis of metastatic breast cancer), HER2 status, triple-negative status, and Charlson Comorbidity Index score without age. TTNT was evaluated using the analysis of covariance model with the same covariates as the Cox proportional hazards model (log transformation used to normalize data due to skewness). Doses of supportive care use were compared using Poisson regression analysis adjusted for the same covariates described above. Logistic regression was used to assess the percentage of patients with adverse events or on supportive care between treatments, with the same adjusted covariates. The same outcomes were analyzed in patients with HR+/HER2− or triple-negative disease using the same statistical processes. For patients with triple-negative disease, treatment effect on TTD was also adjusted for secondary malignant neoplasms of bone and bone marrow and adjuvant taxane use (≤1 year prior to date of diagnosis of metastatic breast cancer).
Results
Baseline characteristics
After eligibility criteria were applied, the analysis included 925 patients (nab-paclitaxel, n=334; paclitaxel, n=591; Figure 1 ). Baseline characteristics were similar between groups, with few exceptions (Table 1 ). More patients received paclitaxel than nab-paclitaxel, and more were treated qw than q3w. Additionally, a higher proportion of patients in the nab-paclitaxel cohort received first-line index treatment vs. those in the paclitaxel cohort overall. A significantly higher percentage of patients in the nab-paclitaxel vs. the paclitaxel group had HER2− or triple-negative disease. The paclitaxel group had a higher percentage of patients with HER2+ disease than the nab-paclitaxel group. Accordingly, a significantly higher percentage of patients in the paclitaxel group received a HER2-targeted agent than in the nab-paclitaxel group; however, bevacizumab and hormone therapy use were similar. Compared with the paclitaxel group, a significantly higher proportion of patients in the nab-paclitaxel group had bone metastases. The percentage of patients using adjuvant taxane treatment within 1 year from the diagnosis of metastatic disease was significantly higher in the nab-paclitaxel group than the paclitaxel group.
TTD and TTNT
Median TTD was significantly longer in patients receiving nab-paclitaxel vs. paclitaxel (4.2 vs. 2.8 months, P<0.0001) and remained significant in the multivariate analysis, regardless of line of therapy ( Figure 2A , Table 2 ). Median TTNT was also significantly longer in patients receiving first-or second-line nab-paclitaxel than those receiving paclitaxel (Figures 2B, C, Table 2 ). For patients receiving second-line therapy, treatment differences for TTNT did not remain significant after adjusting for covariates. TTD and TTNT in patients with HR+/HER2− metastatic breast cancer Overall, 446 of 925 patients (48%) had HR+/HER2− disease (nab-paclitaxel, n=172; paclitaxel, n=274). Baseline characteristics were similar between treatment groups; however, a higher percentage of patients received nabpaclitaxel than paclitaxel (Table 1) . Within each treatment group, significantly more patients were treated qw vs. q3w. The nab-paclitaxel vs. paclitaxel cohort had a significantly higher percentage of bone and liver metastases. Patients with HR+/HER2− disease receiving nab-paclitaxel vs. paclitaxel had significantly longer median TTD and TTNT (Table 2 ).
TTD and TTNT in patients with triple-negative metastatic breast cancer
In total, 228 of 925 patients (25%) had triple-negative disease (nab-paclitaxel, n=95; paclitaxel, n=133). Baseline characteristics were similar between groups, with some exceptions. A significant majority of these patients were treated qw rather than q3w (Table 1) . A significantly higher proportion of patients in the nab-paclitaxel cohort received index treatment as first-line therapy compared with those in the paclitaxel cohort. Patients receiving nab-paclitaxel vs. paclitaxel had significantly more bone metastases and were significantly more likely to receive an adjuvant taxane within the last year. Median TTD was significantly longer for patients receiving nab-paclitaxel vs. paclitaxel as firstor second-line treatment (Table 2) , and median TTNT was also longer with nab-paclitaxel vs. paclitaxel, although this difference was not significant.
Adverse events, premedication, and supportive care
Overall, nab-paclitaxel was associated with significantly lower rates of any-grade anemia, diarrhea, pain, and neuropathy than paclitaxel (Table 3) ; no significant treatment differences were observed in the rates of neutropenia and nausea/vomiting between the treatment groups. Fewer premedication doses of antiemetics, antihistamines, and steroids were administered with nab-paclitaxel than in the paclitaxel group (Table 4 ). In the nab-paclitaxel group, fewer doses of antiemetics and antihistamines but more doses of granulocyte colony-stimulating factor (G-CSF) and bone-directed therapy to decrease skeletal-related events were administered as supportive care than in the paclitaxel group. 
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Mahtani et al 7% of those treated with paclitaxel received a taxane in the 12 months prior to their metastatic breast cancer diagnosis and were retreated with a taxane after metastatic diagnosis. It is possible that some of these patients received nab-paclitaxel or paclitaxel as second-line therapy and had received another type of chemotherapy as their first-line treatment for metastatic breast cancer. Subgroup analyses demonstrated significantly longer TTD with nab-paclitaxel in patients with HR+/HER2− or triple-negative disease than with paclitaxel; TTNT was significantly longer with nab-paclitaxel than paclitaxel in patients with the HR+/HER2− disease. In the overall population, nab-paclitaxel was associated with less neuropathy, anemia, pain, and diarrhea than paclitaxel. Fewer premedication doses of antiemetics, antihistamines, and steroids were required in the nab-paclitaxel cohort than in the paclitaxel cohort. Compared with paclitaxel, nab-paclitaxel also required fewer doses of antiemetics or antihistamines, but more G-CSF and bone-directed therapy to decrease skeletal-related events as supportive care.
In some analyses, TTNT has been used as a proxy for time to progression (TTP), as one might deduce that a patient has started a new therapy because they progressed on their prior therapy. 12, 13 In a randomized, prospective Phase III trial of patients with metastatic breast cancer, patients receiving nab-paclitaxel vs. paclitaxel had a longer TTP (median, 5.3 vs. 3.9 months; P=0.006). 9 In this analysis, TTNT was also significantly longer with nab-paclitaxel than paclitaxel (median, 6.0 vs. 4.2 months; unadjusted P<0.0001; adjusted P=0.0015). This concordance between the clinical trial and the real-world analysis confirms the clinical benefit of nabpaclitaxel compared with paclitaxel in patients with metastatic breast cancer. However, clinical studies and real-world analyses should not be directly compared due to differences in their populations and lack of randomization in the latter. In this study, only patients receiving a subsequent treatment line were included in the TTNT analysis, which may help in explaining the slightly longer TTNT observed here compared with the TTP in the Phase III study. 9 Additionally, 56% of patients in this study received either nab-paclitaxel 
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Real-world analysis of nab-paclitaxel vs. paclitaxel in MBC or paclitaxel as first-line therapy, including 67% of the nabpaclitaxel group, while only 14% of patients in the Phase III study received these agents as first-line therapy.
In the aforementioned Phase III trial, significantly less treatment-related grade 4 neutropenia but more treatmentrelated grade 3 sensory neuropathy and all-grade nausea and diarrhea were observed with nab-paclitaxel than with paclitaxel. 9 In this real-world analysis of patients with metastatic breast cancer, nab-paclitaxel was associated with less anygrade neuropathy, anemia, pain, and diarrhea than paclitaxel, and no significant treatment difference in any-grade neutropenia was observed. These differences in the safety profiles between the 2 studies may be partly attributable to differences in the nab-paclitaxel schedule used (q3w in the Phase III trial vs. qw in 89% of patients in this study). 9 Additionally, adverse event reporting was limited in the EMR database to ICD-9 codes and laboratory values only and could have been underreported. Antihistamine use, both as supportive care and premedication, was higher with paclitaxel than nab-paclitaxel; however, this is likely due to their common co-administration with paclitaxel to prevent hypersensitivity reactions.
14 Bonedirected therapy to decrease skeletal-related events was used more frequently in patients receiving nab-paclitaxel compared with paclitaxel, though significantly more patients receiving nab-paclitaxel had bone metastases.
In patients with hormone-resistant/refractory HR+/ HER2− or triple-negative disease, chemotherapy is a standard treatment option. nab-Paclitaxel has shown clinical activity in HER2− and triple-negative metastatic breast cancer. 15, 16 In this analysis, patients with HR+/HER2− subtype receiving nab-paclitaxel instead of paclitaxel had a longer TTD and TTNT, while patients with triple-negative subtype who received nab-paclitaxel instead of paclitaxel had significantly improved TTD. TTNT was longer in patients with triplenegative metastatic breast cancer receiving second-line paclitaxel instead of nab-paclitaxel; however, this trend should be analyzed cautiously given the small size of the triple-negative subgroup. Additionally, because a limited number of patients received second-line nab-paclitaxel, particularly patients with triple-negative disease, the observed numerical difference between first-and second-line TTD may be an overestimation.
This being a real-world analysis, there are several limitations to this study. 11 This retrospective analysis using EMR data included some differences in baseline characteristics between groups; however, we adjusted for these differences with multivariate or logistic regression analyses. The EMR database lacked information on the actual dose administered due to missing body surface area data; therefore, the influence of dose intensity, delays, and modifications could not be evaluated. Additionally, because information on response and/or progression was unavailable from the EMR database, we could not calculate objective response rates and TTP for comparison with the Phase III study. Finally, adverse events and supportive care use were restricted to those reported in the EMR system via ICD-9 codes, laboratory values, and the medication field, which limit collection of adverse events by grade and may result in underreporting.
Conclusion
This analysis confirms the improved clinical benefit of nabpaclitaxel compared with paclitaxel in a real-world setting and supports the Phase III trial results. 9 Patients receiving 
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Mahtani et al nab-paclitaxel had a significantly longer TTD and TTNT compared with patients receiving paclitaxel. The clinical benefit of nab-paclitaxel was also confirmed in patients with HR+/HER2− and triple-negative subtypes. Additionally, nabpaclitaxel was associated with fewer adverse events and doses of premedication and supportive care. This real-world study supports nab-paclitaxel as a preferred treatment option for patients with metastatic breast cancer.
